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2. 



Basis of the report 



X the claims, 



With regard to the elements of the international application:* 
j | the international application as originally filed. 

fx] the description, pages 1,4-18 , as originally filed, 
pages , filed with the demand, 

pages 2,3,3a , received on 6 April 2001 with the letter of 5 April 2001 
pages , as originally filed, 

pages , as amended (together with any statement) under Article 19, 
pages , filed with the demand, 

pages 19-20,22-24, received on 6 April 2001 with the letter of 5 April 2001 
pages 21 received on 16 August 2001 with the letter of 16 August 2001 
pages 1/1 , as originally filed, 
, filed with the demand, 
, received on with the letter of 



X the drawings, 



pages 
pages 

[ ~ | the sequence listing part of the description: 

pages , as originally filed 
pages , filed with the demand 
pages , received on with the letter of 

With regard to the language, all the elements marked above were available or furnished to this Authority in the language in 
which the international application was filed, unless otherwise indicated under this item. 
These elements were available or furnished to this Authority in the following language which is: 
| | the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 

| [ the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 
and/or 55.3). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 
j | contained in the international application in written form. 

| | filed together with the international application in computer readable form 

j j furnished subsequently to this Authority in written form. 

[ [ furnished subsequently to this Authority in computer readable form. 

J^J The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished. 
| | The statement that the information recorded in computer readable form is identical to the written sequence listing has 

been furnished 

| ~ | The amendments have resulted in the cancellation of: 

j J the description, pages 

[ | the claims, Nos. 

| | the drawings, sheets/fig. 

| | This report has been established as if (some of) the amendments had not been made, since they have been considered to 
go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 



* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 1 4 are referred to in this 
report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70.16 and 70.17). 

** Any replacement sheet containing such amendments must be referred to under item I and annexed to this report 
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1. Statement 



Novelty (N) 


Claims 1-42 


YES 




Claims 


NO 


Inventive step (IS) 


Claims 1-42 


YES 




Claims 


NO 


Industrial applicability (IA) 


Claims 1-42 


YES 




Claims 


NO 



2. Citations and explanations (Rule 70.7) 

CITATION 

Dl. JP 10133002 
D2. JP 05093170 
D3. EP 0381376 
. D4. EP 0430156 

NOVELTY (N) AND INVENTIVE STEP (IS) 

Claims 1-42 : The claimed invention relates to a modified gel comprising a gel and a particulate material, 
which modified gel is capable of physically enhancing the surface roughness and hydrophobicity of a 
substrate. None of the above citations discloses a final treatment step of modifying the intrinsic properties of 
the gel/particulate mixture. 
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Examples of materials on which liquid droplets have 
high contact angles include water on paraffin, in which 
there is a contact angle of about 107°. Many applications 
require a hydrophobic coating with a high contact angle of 
5 at least 150° , and preferably at least 165°. 

A "gel" is a substance that contains a continuous 
solid skeleton enclosing a continuous liquid phase* The 
liquid prevents the solid from collapsing, and the solid 
prevents the liquid from escaping. The solid skeleton can 
10 be formed by linking colloidal particles together. 

The present inventors have now developed methods for 
producing materials which, when coated on a surface, 
render that surface hydrophobic. 

15 Summary of the Invention 

In a first aspect, the present invention provides a 
method of forming a material capable of being applied to a 
surface, the method including the\ steps of: 

(a) providing precursors capable of reacting to form 

2 0 a gel; 

(b) reacting the precursors together to form the gel; 

(c) adding a particulate material to the gel to form 
a mixture, the particulate material being capable of 
chemically bonding with the gel; and 

25 . (d) treating the mixture such that a modified gel is 

formed in which the particulate material is bound to the 
gel, and the modified gel is capable of forming a surface 
which is chemically hydrophobic and has a surface 
roughness which physically enhances the surface 

3 0 hydrophobicity, such that water has a contact angle on the 

surface of at least .150°. 

In a second aspect, the present invention provides a 
method of forming a coating on a substrate, the method 
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including steps (a) to (d) of the first aspect of the 
present invention and further including the steps of: 

(e) applying the modified gel to the substrate; and 

(f ) treating the applied modified gel such that a 
coating is formed on the substrate, the coating having a 
surface which is chemically hydrophobic and has a surface 
roughness which physically enhances the surface 
hydrophobicity, such that water forms a contact angle of 
at least 150°. 

Preferably, the hydrophobic surface defined in either 
the first or the second aspect of the present invention is 
such that water forms a contact angle of at least 155° on 
it. More preferably, the contact angle is at least 160°. 
Even more preferably, the contact angle is at least 165°. 

The hydrophobicity of the hydrophobic material when 
applied to a surface is preferably due to both the 
chemical properties of the modified gel and physical 
roughness of the material. It is envisaged that the 
modified gel of the first aspect of the present invention 
could be used to make solid materials in a range of 
possible forms, including bulk materials, thick coatings, 
and thin films. 

The gel functions as a cross-linking agent which 
binds the particulate material, and attaches the modified 
gel to the substrate if required. Any known process for 
forming a gel may be used. Typically, the precursors 
defined in step (a) of the first and second aspects of the 
present invention at least include water, a solvent, and a 
metal alkoxide such as one of the following: 

-tetramethoxysilane (abbreviated TMOS) , Si(OCH 3 ) 4 

-tetraethoxysilane (abbreviated TEOS) , Si (OCH 2 CH 3 ) 4 ; 

-titanium tetraisopropoxide, Ti (0-iso-C 3 H7) 4 ; 

-titanium tetramethoxide, Ti(OCH 3 ) 4 ; 
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titanium tetraethoxide, Ti(OC 2 H 5 ) 4 ; 
titanium tetrabut oxide, Ti [0 (CH 2 ) 3CH3] 4 ; 
zirconium n-butoxide, Zr (0-n-C 4 H 9 ) 4 . 
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THE CLAIMS DEFIN ING THE INVENTION ARE AS FOLLOWS: 

1. A method of forming a material capable of being 

applied to a surface, the method including the steps 

of: 

(a) providing precursors capable of reacting to form 
a gel; 

(b) reacting the precursors together to form the gel; 

(c) adding a particulate material to the gel to form 
a mixture, the particulate material being capable of 
chemically bonding with the gel; and 

(d) treating the mixture such that a modified gel is 
formed in which the particulate material is bound to 
the gel, and the modified gel is capable of forming a 
surface which is chemically hydrophobic and has a 
surface roughness which physically enhances the 
surface hydrophobicity, such that water has a contact 
angle on the surface of at least 150°. 

2. The method according to claim 1 wherein the modified 
gel is capable of forming a hydrophobic surface on. 
which water has a contact angle of at least 155°. 

5. The method according to either claim 1 or claim 2 
wherein the modified gel is capable of forming a 
hydrophobic surface on which water has a contact 
angle of at least 160°. 

t. The method according to any one of the preceding 

claims wherein the modified gel is capable of forming 
a hydrophobic surface on which water has a contact 
angle of at least 165°. 

The method according to any one of the preceding 
claims wherein the precursors provided in step (a) 
include at least water, a solvent, and a metal 
alkoxide . 

The method according to claim 5 wherein the solvent 
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comprises an alcohol. 

The method according to claim 6 wherein the alcohol 

is selected from the following group: 

methanol ; 

ethanol ; 

isopropanol ; 

and butanol . 

The method according to claim 5 wherein the solvent 
is selected from a group comprising: hexane; and 
diethyl ether. 

The method according to any one of claims 5-8 wherein 
the metal alkoxide is selected from the following 
group : 

tetramethoxysilane ; 
tetraethoxysilane; , 
titanium tetraisopropoxide; 
titanium tetramethoxide; 
titanium tetraethoxide ; 

titanium tetrabutoxide; ._. • - - 

zirconium n-butoxide. 

The method according to any one of the preceding 
claims wherein step (b) of reacting the precursors 
together comprises refluxing the precursors for an 
extended period. 

The method according to any one of the preceding 
claims wherein the particulate material comprises 
particles having substantially equal diameters. 
The method according to any one of claims 1-10 
wherein the particulate material comprises particles 
having a spectrum of diameters . 

The method according to either claim 11 or claim 12 
wherein at least some of the particles have diameters 
within a range from 1 nanometer to 1 micrometer. 
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The method according to either claim 11 or claim 12 
wherein at least some of the particles have diameters 
within a range from 1 nanometer to 100 nanometers. 
The method according to claim 11 wherein 
substantially all particles have diameters within a 
range from 1 nanometer to 500 micrometers. 
The method according to either claim 11 or claim 12 
wherein the particles have a primary particle 
diameter in a range from 5 nanometers to 50 
nanometers . 

The method according to either claim 11 or claim 12 
wherein the particles have an average particle size 
in a range from 5 nanometers to 2 0 nanometers. 
The method according to either claim 11 or claim 12 
wherein the average particle size is about 15 
nanometers . 

The method according to any one of the preceding 
claims wherein the method includes a further step 
prior to step (d) , the step Comprising mixing a 
polymer component into the gel, the polymer component 
being capable of bonding with the gel and particulate 
material during step (d) . 

The method according to claim 19 wherein the polymer 
material is either hydrophobic or rendered 
hydrophobic during step (d) . 

The method according to any one of the preceding 
claims wherein the method includes a further step 
prior to step (d) , the further step comprising adding 
a surface modifier to the gel, the surface modifier 
being capable of increasing the intrinsic chemical 
hydrophobicity of a hydrophobic surface formed with 
the modified gel . 

The method according to claim 21 wherein the surface 
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modifier further enhances bonding between the 
particulate material and the gel. 

The method according to either claim 21 or claim 22 
wherein the surface modifier is a compound including 
one or more hydrophobic groups and one or more 
condensation cure groups. 

The method according to claim 2 3 wherein the one or 
more hydrophobic groups include one or more of the 
following groups: 
methyl ; 
ethyl ; 
vinyl ; 

trif luoropropyl . 

The method according to either claim 23 or claim 24 
wherein the one or more condensation cure groups 
include one or more of the following groups: 

acetoxy; 

enoxy; 

oxime; 

alkoxy; 

amine . 

The method according to any one of the preceding 
claims wherein the particulate material comprises a 
flame-hydrolysed silica powder, and the gel comprises 
a silicon dioxide gel. 

The method according to any one of the preceding 
claims in combination with claim 19 wherein the 
polymer component comprises polydimethylsiloxane 
(PDMS) . 

A method of forming a coating on a substrate, 
comprising the steps of : 

forming a modified gel in accordance with the method 
of any one of the preceding claims; 
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applying the modified gel to the substrate; and 
treating the applied modified gel such that a coating 
is formed on the substrate, the coating having a 
surface which is chemically hydrophobic and has a 
surface roughness which physically enhances the 
surface hydrophobicity, such that water forms a 
contact angle of at least 150°. 
The method according to claim 28 wherein the 

hydrophobic surface of the coating is such that water 
forms a contact angle on it of at least 155°. 

The method according to claim 28 wherein the 

hydrophobic surface is such that water forms a 

contact angle on it of at least 160°. 

The method according to claim 28 wherein the 

hydrophobic surface is such that water forms a 

contact angle on it of at least 165°. 

The method according to any one of claims 1-31 

wherein the modified gel is \in the form of a slurry. 

The method according to any one of claims 28-32 

wherein the step of applying the modified gel to the 

substrate comprises using one of the following 

techniques : 

spin coating; 

dip coating; or 

spray coating. 

The method according to any one of claims 28-33 
wherein the step of treating the mixture comprises 
drying the applied modified gel such that a solid 
coating is formed. 

The method according to claim 34 wherein the step 1 of 
drying includes a step of heating the applied 

< 

modified gel to a temperature which is sufficient to 
evaporate any solvents. 

i 
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36. The method according to either claim 34 or claim 35 
wherein the step of drying the coating comprises 
heating the coating to a temperature in the range 
from 12 0° to 400°C. 
5 37. A modified gel produced by a method in accordance 
with any one of claims 1-27. 

38. An object having a surface, at least a portion of 
which is coated with a hydrophobic coating formed 
from a modified gel made by a method in accordance 

10 with any one of claim 1-27. 

39. A hydrophobic coating produced by a method in 
accordance with any one of claims 28-36. 

40. An object having a surface, at least a portion of 
which is coated with a hydrophobic coating produced 

15 by a method in accordance with any one of claims 28- 

36. 

41. A method of forming a material capable of being 
applied to surface, substantially as herein described 
with reference to the accompanying examples and 

20 Figures. 

42 . A method of forming a coating on a substrate 

substantially as herein described with reference to 
the accompanying examples and Figures. 
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Examples of materials on which liquid droplets have 
high contact angles include water on paraffin, in which 
there is a contact angle of about 107°. Many applications 
require a hydrophobic coating with a high contact angle of 
at least 150° , and preferably at least 165°. 

A "gel" is a substance that contains a continuous 
solid skeleton enclosing a continuous liquid phase. The 
liquid prevents the solid from collapsing, and the solid 
prevents the liquid from escaping. The solid skeleton can 
be formed by linking colloidal particles together. 

The present inventors have now developed methods for 
producing materials which, when coated on a surface, 
render that surface hydrophobic. 

Summary of the Invention 

In a first aspect, the present invention provides a 
method of forming a material capable of being applied to a 
surface, the method including the steps of: 

(a) providing precursors capable of reacting to form a 
gel; 

(b) reacting the precursors together to form the gel; 

(c) adding a particulate material to the gel to form a 
mixture, the particulate material being capable of 
chemically bonding with the gel; and 

(d) treating the mixture such that a modified gel is 
formed in which the particulate material is bound to the 
gel, and the modified gel is capable of forming a 
hydrophobic surface on which water has a contact angle of 
at least 150°. 

In a second aspect, the present invention provides a 
method of forming a coating on a substrate, the method 
including steps (a) to (d) of the first aspect of the 
present invention, and further including the steps of: 



